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Introduction
All credible mass media science reporters strive for objectivity. While true objectivity is impossible for humans to achieve, communicators attempt to combine a clear understanding of their topic with the audience's reading comprehension levels.
Every writer chooses what to include or exclude from a news story. However, when the topic is biotechnology, agricultural communicators face hidden challenges that may be based on their own awareness of and perceptions toward biotechnology practices. An important step in educating agricultural communications students is to determine what sources they use to form perceptions about biotechnology and what influences their perceptions toward biotechnology practices.
Conceptual Framework
For most consumers, the mass media is the major source of information about biotechnology (Hoban, 1998 (Hoban, , 1999 (Hoban, , 2002 . Hagedorn and Allender-Hagedorn (1995) pointed to the media as a key partner in developing public awareness and perceptions toward biotechnology. According to Hoban (2002) , the media tends to focus on sensational news stories, or to squeeze stories into a sound-bite format. Thus, the public hears only part of the story and that part tends to arouse concern. Even with the stories that are reported, studies indicate that many people do not feel they have sufficient information about biotechnology (Hoban, 2002; Einsiedel & Thorne, 1999) .
Public concern about the implications of using biotechnology practices in food production is not the result of a lack of information. A variety of research-based sources on biotechnology are readily available.
Examples include the Comparative Environmental Impacts of Biotechnology-derived and Traditional Soybean, Corn, and Cotton Crops (Carpenter, Felsot, Goode, Hammig, Onstad, & Sankula, 2002) or Evaluation of the U.S. Regulatory Process for Crops Developed through Biotechnology (Chassy, Abramson, Bridges, Dyer, Faust, Harlander, Hefle, Munro, & Rice, 2001) , both available online through the Council for Agricultural Science and Technology. However, while easy to access, these documents, and most others regarding biotechnology, are not easily understood by the public. Hagedorn and Allender-Hagedorn (1995) noted scientists' unsympathic responses to public concerns about biotechnology. They found scientists' responses were often incomprehensible to the majority of citizens (Hagedorn & Allender-Hagedorn, 1995) .
The public's perceived lack of information complicates the National Academy of Sciences' desire for a public that understands the basics of biotechnology and its implications to personal and public health (Armstrong, 2000) . Chappell and Hartz (1998) surveyed 2,000 journalists and 2,000 scientists to determine how the each group felt about each other's purpose in communicating science to the public. Neither group believed the media was doing a good job of explaining science to the public. The authors recommended that both groups would benefit from more skills training-scientists need more communications skills and journalists need more science skills (Chappell & Hartz, 1998) . Helping college students acquire skills in communications and science is critical to educating the public on biotechnology issues.
Vestal and Briers' (1999) study of media professionals from the nation's largest metropolitan newspapers revealed that journalists had the most faith in statements about food biotechnology from university scientists and health professionals. Journalists had less faith in statements made by biotechnology and food companies. Regarding reporting styles, journalists preferred investigative and interpretative reporting on biotechnology processes. Statistically significant relationships existed between journalists' beliefs about the effects of biotechnology and their family's relationship to agriculture. Journalists whose families owned agricultural land tended to believe that biotechnology practices had more positive than negative effects on fish and wildlife, world hunger, family farms, and healthful foods.
Researchers from two studies (Hossain, Benjamin, Adelaja, Schilling, & Hallman, 2002; National Science Foundation, 2000) found that gender was an influencing factor when forming perceptions toward biotechnology. Houssain et al. found that male consumers were less skeptical and less concerned about the government's ability to regulate genetically modified products. NSF (2000) found that females were more likely to believe the harms outweighed the benefits of biotechnology. Does gender affect perceptions toward biotechnology practices in a college setting?
An important outcome from the study by Vestal and Briers (1999) was the finding that journalists who lacked knowledge or experience with biotechnology practices did not have accurate perceptions about biotechnology issues. Sanbonmatsu and Fazio (1990) found it was possible for people to base their perceptions on alreadypresent global attitudes toward topics or technologies when knowledge or experience with the topic or technology was low. This finding was supported in marketing research by Schoell and Guiltinan (1995) 
Purpose and Objectives
The purpose of this study was to determine agricultural communications students' awareness of and perceptions toward biotechnology issues reported in the mass media. The objectives guiding this inquiry were to:
1. Describe students' awareness of biotechnology practices affecting food, health, or environmental issues as reported in the mass media. 2. Determine students' perceptions toward biotechnology issues. 3. Determine the sources students use most often to form their perceptions about biotechnology issues.
Methods
Descriptive research methodology employing Web-based survey data collection methods (Ladner, Wingenbach, & Raven, 2002) The instrument measured students' awareness of and perceptions toward biotechnology issues as reported in the mass media. These constructs were quantified through response sets in nine scales that included 1) awareness of biotechnology practices affecting food, health, or the environment (Scale = No, Somewhat, Yes); 2) acceptance of genetically modified organisms; 3) acceptance of biotechnology practices; 4) levels of importance placed on biotechnology research; 5) levels of importance placed on investigative reporting styles; 6) faith in biotechnology information sources; 7) potential barriers to using biotechnology practices; 8) perceptions toward effects of biotechnology on selected issues; and 9) perceptions on the acceptance rates (consumers versus agriculturists) of using government approved biotechnology practices in food production.
Perceptions were measured using fourpoint, Likert-type scales. The acceptance of biotechnology practices scale could range from Highly Unacceptable (1) to Highly Acceptable (4); Cronbach's alpha coefficient was .91 for the acceptance scale. The scale measuring potential barriers (1=Very Low to 4=Very High) to using biotechnology in food production achieved a Cronbach's alpha of .77. Additional reliability analyses for scales not reported in the study by Vestal and Briers, but conducted in this study revealed Cronbach's alpha coefficients of .90 for the scales (1=Not At All Important to 4=Extremely Important) measuring importance of investigative reporting; .85 for importance of biotechnology research; .73 for faith in biotechnology information One important modification to Vestal and Briers ' (1999) instrument was the addition of six items to determine what sources agricultural communications students use most often to form their perceptions about biotechnology. Researchers were interested in knowing if college students relied on already-present global attitudes toward biotechnology (as reported in the mass media or from family and friends' beliefs), or if they relied on their knowledge and experiences gained through science classes, labs, and dialogue with university professors about biotechnology. Respondents were asked to rank these six factors according to what they used most often to form their perceptions about biotechnology.
Pre-notice email and listserv announcements describing the study were sent to land grant university faculty members in early August 2002. Colleagues were asked to review the online instrument, provide clarification where necessary, and encourage undergraduates to participate in the study. Data collection began in midAugust with bi-weekly email reminders to faculty members and was completed in seven weeks. Respondents accessed the instrument through a closed Web address. Respondents were instructed to read and agree to an Informed Consent Form before entering the survey site. Descriptive statistics were derived for each section and the instrument as a whole. Demographic data were analyzed using percentages and frequencies.
Results
Usable responses (N = 330) were gathered from agricultural communications students at 11 universities in 10 states. The respondents represented six majors (Table  1) . Specific areas of self-reported majors included those in agricultural education, other college of agriculture majors (poultry, forestry, and food sciences, and agribusiness/agricultural economics), agricultural communications, liberal arts (journalism, math, economics, education, and business), animal science, and healthrelated fields (nursing, pharmacy, and rehabilitation science).
Respondents were mostly seniors (46%), female (55%), and considered themselves "B" average students (60%) from their selfreported overall grade point averages (Table  1) ; not all percentages equal 100% due to missing information. More than one-half (52.4%) of the respondents' families owned agricultural production property, or have lived on a farm or ranch (56.1%). Nearly two-thirds (64.5%) of the respondents have worked on a farm or ranch. In answering the first objective, students' awareness of biotechnology practices affecting food, health, or environmental issues was determined using a three-point scale (1=No, 2=Somewhat, 3=Yes). Table 2 illustrates that respondents' were most aware of how biotechnology will affect their food (47%), but only somewhat aware of its effects on health (53%) or the environment (50%). To answer the second objective, agricultural communications students recorded their perceptions toward biotechnology issues. Respondents answered questions in scales measuring their acceptance of biotechnology practices, importance of biotechnology, faith in biotechnology information sources, potential barriers to using biotechnology in food production, and effects of biotechnology (Table 3) .
Respondents were somewhat accepting of biotechnology practices for genetically modified organisms involving plant life (M = 3.28), but viewed these same practices as somewhat unacceptable for human use (M = 1.84). Students believed it was important to continue biotechnology research (M = 3.02-3.53) and important for journalists to continue investigative reporting styles (M = 2.91-3.33). Respondents had highest faith in statements about biotechnology made by university scientists (M = 3.17) and least faith in statements made by celebrities (M = 1.40).
Agricultural communications students objected most to the use of biotechnology in food production for fear of environmental harm (M = 2.80) and were least concerned about its use for religious/ethical reasons related to "tampering with nature" (M = 2.19). Apparently this incongruent finding indicates that respondents were sophisticated enough to separate their moral and societal values about the environment, or they may have misunderstood the question. In general, respondents believed that biotechnology practices will have positive effects on fish/wildlife, family farms, healthful foods, and world hunger (Table 3) . Additional analysis revealed differing levels of students' perceptions toward biotechnology when viewed by their awareness of biotechnology practices affecting food, health, or the environment (Table 4) . Agricultural communications students who were aware of biotechnology practices affecting food perceived biotechnology practices in a more positive light than did all other respondents. It should be noted that a lower mean score in "potential barriers to using biotechnology in food production" indicates a more positive attitude held toward biotechnology practices. The same findings were revealed among subgroups when comparing mean scores by biotechnology practices affecting health. Data analyses revealed that respondents who were aware of biotechnology practices affecting the environment had more positive perceptions toward biotechnology than did all other respondents (Table 4) . Respondents had different perceptions toward biotechnology when viewed by selected demographics, which included family owned agricultural production property, have lived on a farm or ranch, have worked on a farm or ranch, and gender (Table 5) . Agricultural communications students whose families owned agricultural production property had more positive perceptions in accepting biotechnology practices, faith in biotechnology information sources, and feared less the potential barriers to using biotechnology in food production than did respondents whose families did not own agricultural production property. The same findings were revealed for respondents who have lived on a farm or ranch (Table 5) .
Analysis of summated mean scores revealed differing levels of perceptions toward biotechnology between respondents who have and have not worked on a farm or ranch. Those who have worked on a farm or ranch had more positive perceptions in accepting biotechnology practices, feared less the potential barriers to using biotechnology in food production, and perceived the effects of biotechnology were more positive than did respondents who have not worked on a farm or ranch.
Males tend to have more positive perceptions toward biotechnology practices and are less skeptical of it than are females (Hossain et al., 2002) . The results of this study found males had more positive perceptions in acceptance of biotechnology practices and perceived the effects of biotechnology more positively than did females (Table 5) . Two additional questions allowed respondents to estimate the time required for consumers and agriculturists to accept using government approved biotechnology in food production. Students estimated it will take agriculturists an average of 3-5 years to accept government approved biotechnology practices in food production, but consumers will take twice as long (6-10 years). An average of 4-5% (n = 12-16) of the respondents believed that consumers and farmers will never accept government approved biotechnology practices in food production.
To answer the third objective, respondents' were asked to rank order the sources they used to form perceptions about biotechnology. Six factors were included from the literature to determine if agricultural communications students relied on already-present global attitudes as reported in the mass media, or knowledge and experiences to form their perceptions about biotechnology (Table 6 ). Respondents ranked knowledge from science classes, experience in science labs, and university professors' biotechnology beliefs as the top three sources used most often to form their perceptions about biotechnology (Table 6) . th place rank scores received one point each. Individual weighted scores for each source were summated to derive the overall rank.
Conclusions, Recommendations, and Implications
Students who enrolled in agricultural communications courses, were agricultural communications majors, or who participated in the Agricultural Communicators of Tomorrow student organization will someday become communicators for the agriculture industry. Communicators' stories are influenced by their perceptions, which are formed through knowledge and experience, or through already-present global attitudes reported in the mass media. Accurate, reality-based perceptions toward any topic have the propensity for fair, objective, unbiased communications of that topic, an important factor to consider, especially in the case of communications about biotechnology science. Biotechnology practices affecting agriculture, food, health, and the environment are major issues now, and will continue to be major issues in the future (Casey, 2002) . The impact biotechnology has on food and fiber production, consumption, and the sale and trade of agricultural products worldwide will no doubt have a political consequence, as has occurred already in Zambia (Chicago Tribune, 2002) .
Students in this study gained their biotechnology awareness through knowledge from science classes, experience in science labs, and from university professors' beliefs about biotechnology. While all these factors, and others not tested herein, influenced the formation of students' perceptions toward biotechnology, students in this study did not form their perceptions (primarily) on already-present global attitudes. The same cannot be said of consumers in the decision making process where many form their perceptions based on the beliefs of family, friends, and what is reported through the mass media (Schoell & Guiltinan, 1995) . This finding emphasizes the need for science coursework, experience, and interactions students have during their education. Agricultural communications programs and the faculty in those programs should emphasize the technical science components of a student's curriculum. Academic advisors and educators are encouraged to motivate students to study science-biotechnology science in particular-beyond the minimum hours needed to graduate. Formal and informal science education experiences are needed.
Educators also should be aware of the influence their beliefs have on students' perceptions about biotechnology. Agricultural communications faculty members must keep abreast of the scientific advances that continue to change production practices in the agricultural industry. Knowledge and experience increase the likelihood of an informed, unbiased opinion and perception, even for university professors. Our perceptions, positive and negative, can influence students' perceptions of biotechnology science. Students should be engaged in meaningful discussions about the science of biotechnology and current issues surrounding the topic. If educators continue our learning about biotechnology issues, then we can be assured this interaction will help agricultural communications students develop perceptions based on sound knowledge and critical consumption of information.
Awareness of biotechnology practices impacted respondents' perceptions. Agricultural communications students who were aware of biotechnology practices tended to have more positive perceptions toward biotechnology than did other respondents. This finding is consistent with the research linking science knowledge to positive perceptions (Vestal & Briers, 1999) . Awareness nurtures inquiry, but inquiry must be satisfied through knowledge and experience from reliable scientific sources, otherwise students' perceptions will be based on the uninformed opinions of others.
Demographic characteristics (family ownership of agricultural production property and having lived or worked on a farm or ranch) influenced respondents' perceptions in acceptance of biotechnology practices. Ownership of production property and having lived on a farm or ranch positively influenced students' perceptions in acceptance of biotechnology practices, faith in biotechnology information sources, and less fear of the potential barriers to using biotechnology in food production. Those respondents who had worked on a farm or ranch had more positive perceptions about acceptance of biotechnology practices, less fear of potential barriers to using biotechnology in food production, and perceived the effects of biotechnology more positively than did respondents lacking these characteristics. This influence could be attributed to respondents' agricultural experiences and their ability in using those experiences to form perceptions about biotechnology. This finding implies a need to expand the experiential learning opportunities for agricultural communicators, especially those with nonagricultural backgrounds. Such opportunities may include establishing student internships; site visits to biotechnology firms, regulatory and communication agencies; and professional interactions with biotechnology scientists.
This study supports previous findings that gender is an influencing factor in forming perceptions toward biotechnology (Hossain et al., 2002; NSF 2000) . In this study, males had more positive perceptions toward accepting biotechnology practices and toward the perceived beneficial effects of biotechnology than did females. Educators and scientists should be aware that their collective perceptions toward biotechnology influence students' perceptions of biotechnology. This finding, coupled with related research showing females make math and science career decisions as early as sixth grade (Jensen & McMullen, 1994) provides evidence of the importance between biotechnology scientists' discussions with students well before the collegiate years. Females' perceptions toward biotechnology and science may be changed if scientists "communicate" its importance beyond their normal audience. Finally, educators need to evaluate the clarity of their science teaching to ensure true understanding of biotechnology knowledge has been acquired by students.
